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In HPV -1 and HPV -4 induced warts as well as in HPV-
6 positive condylomata acuminata the quantity of viral 
DNA encapsulated into virus particles was determined 
and compared to the total amount of viral DNA present 
in the papillomas. As shown by filter hybridization using 
'
1H-labeled viral DNA molecularly cloned in Escherichia 
coli, the amount of total viral DNA found in HPV-1 or 
HPV -4 induced skin warts is similar. HPV -4 DNA, how-
evet·, is encapsulated into virus particles with less effi-
ciency . HPV-6 DNA can be detected only at minute 
amounts in condylomata acuminata and the percentage 
of DNA recovered from virions is extremely low. 
It is well established that human warts are virally induced 
fibroepit helia l proliferations wit h different morphologic and 
histologic features. For some time they were thought to be 
induced by one and the same virus. Recent application of 
biochemical techniques, however, has led to the discovery of 16 
different papilloma virus types in humans [1 - 7; H zur Hausen 
and L Gissmann, unpublished data] (see Table 1). The number 
of virions produced by each wart tends to ref1ect the type of 
virus [8). HPY -1 is commonly found in skin warts with high 
particle yields, HPV -4 predominates in morphologically iden-
t ical skin warts with rather moderate particle production 
[4,9). Anogenital warts (condylomata acuminata) induced by 
HPV -6 contain only minute quantities of virus particles. 
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Abbreviations: 
1 x TE: buffer- 10 mM Tris-HCl, 1 mM EDTA, pH 8.1 
pBR 322: bacterial plasmid carrying t he ampicillin and tetracy-
cline genes 
PBS: phosphate-buffered sa line 
SDS: sodium dodecyl sulfate 
SSC: 1 X sse contains 0.15 M NaCl and 0.015 sodium citrate 
We have asked whether HPV-4 and HPY-6 induced prolif-
erations wi th only low particle production contain a lower 
amount of vira l DNA than t he particle-rich HPY-1 warts. To 
answer this question we purified t he virus particles of single 
warts and determined their DNA content. The amount of 
nonencapsulated virus DNA in t he ce ll was measured in par-
a llel. 
MATERIALS AND METHODS 
Sixty sk in warts and condylomata acum inata from 7 different pa-
t ients were analyzed. 
Purification of Human Wart Virus 
The biopsy material was cut in to small pieces, ground with sterilized 
sea sand, and resuspended wi th phosphate-buffered saline (PBS). The 
suspension was incuba ted for 1 h at 37"C with 0.01 % trypsin and 
cleared by low-speed centrifugation. The sediment was stored for the 
extraction of cellular DNA (see below). T he supernatant was adjusted 
with solid cesium chloride (CsCl) to a density of 1.34 g/ml and centri-
fuged in a Spinco SW55 rotor for 24 h at 35,000 rpm and 20"C. The 
visible vi rus band was collected by puncturing the tube with a ster ile 
needle and it was dialyzed against 10 mM Tris-HCl, 1 mM EDTA, pH 
8.1 (1 X TE) . 
Purification of Viral DNA 
The viral proteins were solubili zed by 30-min incubation with 1% 
sodium dodecyl sulfate (SDS) at 37"C and t hen precipitated with 1 M 
CsCl by low-speed centrifugation for 1 h at o·c. The supernatant was 
dialyzed against 1 x TE and t he content of DNA was determined by 
optical measurement at 260 nm. 
Extraction of Cellular DNA from Warts 
The cellula r DNA as well as the nonencapsulated viral DNA was 
extracted from t he same warts that had been used for virus particle 
purification (see above) . The sediment of the homogenized material 
was resuspended in 2-5 ml 1 x TE. 
Labeling of Viral DNA 
The DNA of HPV-1, HPV -4, and HPV-6, molecularly cloned in 
pBR 322 (bacterial plasmid carryi ng the ampicillin and tetracycline 
genes) [10], was labeled with ["H]thymidine t riphosphate by the nick-
translation procedure as described earlier [11]. 
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DNA-DNA Hybridization on Nitrocellulose Filters [1 2} 
The DNA was denatured by boiling for 15 min , t hen chilled on ice 
and applied onto nitrocellulose fi lters which had been prewet in 2 x 
SSC (1 x SSC contains 0.15 M NaCl and 0.015 sodium citrate). The 
fi lte rs were dried at 8o· c for 4 h, and then incubated with the heat-
denatured labeled DNA (105 cpm/!i lter) in 50% formamide, 2.5 x SSC 
and 0.5 % SDS at 42 · c for 4 days. Washing was done- in 2 X sse at 
5o· c a nd t hen counted in a liquid scintillato r. 
Virus particles and cellular DNA were purified from the 
individual papillomas as described in Materials and M ethods. 
Following this procedure, more than 90% of virus particles can 
be prepared from cellular and free viral DNA (Gissmann, 
unpublished observation). 
As shown in Table II the quantity of HPV-DNA per 11-g of 
cellular DNA varies in HPV -1 and HPV -4 induced warts. The 
DNAs however a re not encapsulated in equal efficiency: 72.3%. 
of the HPV-1 DNA is found in virus particles whereas only 
13.5% of HPV -4 DNA can be isolated from mature virions. 
The condylomata acuminata specimens contained significantly 
less HPV -DNA than the skin warts . Only a minute portion was 
found in virus particles. 
RESULTS 
The viral DNA was extracted from 60 skin warts and from 
condylomata acuminata obtained from 7 different patients. In 
all cases molecular DNA-DNA hybridization studies were per-
formed with 3H-labeled DNA of HPV-1, HPV-4, and HPV-6. 
The DNA of 9 verrucae vu lgares annealed with HPV-1 DNA, 
5 skin warts proved to contain HPV -4 DNA, and all condylom-
ata acuminata reacted with HPV -6 DNA. The skin warts that 
were negative with each probe were not further analyzed in this 
study. 
DISCUSSION 
Our studies show that replication of viral DNA in HPV-1 
and HPV -4 induced warts takes place to a comparable extent. 
The content of viral DNA in condylomata acuminata is lower 
than in skin warts, but it is much higher t han expected consid-
ering the extremely low yield of detectable virus particles in 
such genital lesions. Fifty-two percent to 88% of the viral DNA 
of HPV -1 warts is found in the supernatant of centrifugated 
tissue suspensions, i.e., it is predominantly present in the form 
of mature virions. This result emphasizes the HPV -1 wart as 
an acanthoma loaded with virions. In HPV -4 warts 0- 4 7% of 
the vira l DNA could be liberated in the form of mature virus 
particles, but in condylomata acuminata on ly 0- 3%. Our results 
give no reason for the various virus liberations, and- although 
unlikely-the possibility cannot be excluded that particles of 
different HPV types are destroyed to a variable extent during 
the isolation procedure. A more obvious explanation is offered 
by different amounts of virus protein synthesis or differently 
effective virus assembly in the respective papillomas. 
TABLE l. Classification of papillomaviru.s 
Virus type Particle yield Usual clinical lesion 
HPV-1 High Verrucae vulgares et plantares 
HPV-2 High Verrucae vulgares et pla ntares 
HPV-3 Moderate Verrucae planae; 
Epidermodysplasia verruciform is 
HPV -4 Moderate Verrucae vulgares et plantares 
HPV-5 Moderate Epidermodysplas ia verruciformis 
HPV -6 Low Condylomata acum inata 
HPV-7 Moderate "Butchers'" hand warts 
HPV -8 Moderate Epidermodysplas ia verruciformis 
HPV-9 ? Epidermodysplasia verruciformis 
HPV-10 ? Epidermodysplasia verruciformis 
HPV-11 Low Laryngeal papi llomas 
HPV-12 ? Epidermodysplasia verruciformis 
HPV-13 Low Focal epithelial hyperplasia 
HPV-14 ? Epidermodysplasia verrucif'ormis 
HPV-15 ? Epidermodysplas ia verruciformis 
HPV -16 ? Cervix carcinoma 
TABLE II. 
Sample Type or papilloma Localization 
no. 
26k Verruca vulgaris Palma manus 
93 Verruca plantaris P lanta pedis 
98 Verruca vulgaris Finger 
ll8 Venuca planta ris Heel 
128 Verruca plantaris P lanta pedis 
191 Verruca planta ri s Heel 
279 Verruca vulgaris Hand 
285 Verruca vulgaris Thumb 
307 Verruca vulgaris Thumb 
235 Verruca vu lgaris Ha nd 
237 Verruca vulga ris Ha nd 
248 Verruca vulgaris Dorsum pedis 
263 Verruca vu lgaris Hand 
273 Verruca pl a ntaris P lanta pedis 
220 Co ndylomata acuminata Perianal 
239 Condylomata acuminata Inguinal 
240 Condylomata acuminata Genital 
253 Condylomata acuminata Perianal 
224 Condylomata acum inata Perianal 
229 Condylomata acumin ata Gen ital 
260 Condylomata acuminata Gen ita l 
n.t. = Not tested 
Histologic investigations of HPV -1 and HPV -4 induced 
warts, however, showed mass ive vacuoli zation and disturbance 
of epidermal cell differentiation through the entire thickness 
of the ep idermis in HPV -1 warts, whereas in HPV -4 positive 
Data.· on. papillomas 
Amount or 
total HPV type cellular 
DNA 
HPV -1 51.6 llg 
HPV -1 45 llg 
HPV -1 1,770 llg 
HPV -1 320 llg 
HPV -1 192.5 llg 
HPV -1 77 llg 
HPV -1 928 llg 
HPV -1 221 llg 
HPV-1 19.6 !lg 
HPV-4 188.2 llg 
HPV -4 207.9 llg 
HPV -4 436 llg 
HPV -4 1,078 llg 
HPV -4 311 llg 
HPV -6 12,535 llg 
HPV-6 2,875 llg 
HPV -6 1,164 llg 
HPV-6 1,421.7 llg 
HPV -6 686.7 llg 
HPV -6 3,667 llg 
HPV -6 1,732.5 J.Lg 
CP M in 
super-
nata nt (DNA in 
virions) 
n.t. 
n.t. 
n.t. 
n.t. 
n.t. 
23 ,770 
5,229 
2,886 
64,558 
784 
77,658 
18 
279 
0 
875 
n.t. 
n.t. 
n. t . 
0 
835 
55 
Cpm in cellular 
DNA (non 
encapsidated DNA) 
2,976 
3,650 
58,480 
6,829 
4,262 
2,442 
2,420 
2,657 
8,803 
3,187 
87,279 
26,116 
46,380 
35,563 
26,875 
23,460 
9,545 
8,270 
8,287 
86,981 
31,522 
Pe rcent 
or HPV 
DNA 
in viru s 
partic les 
80.7 
68.4 
52.1 
88.0 
Average 72.3 
20 
47 
0.1 
0.6 
0 
Average 13.5 
3.2 
0 
1 
0. 2 
Average 1.1 
Up to 50/J.Lg of cellular DNA was hybridized to the labeled DNA as described in Material a.n.d Methods and tota l cpm in the DNA preparation 
was calculated. Cpm in supern atant were determined after DNA extraction from visible virus bands in the CsCl gradient or, in case of low virus 
concent ration, from the fractions of the respective density (1.30- 1.35 g/m l). 
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warts cell differentiation is impaired to a much lesser degree 
(13]. Thus t he greater disturbance of cells a nd t issue may be 
t he result of t he higher production of mature virions. 
In condylom ata acuminata the detection of virions by elec-
t ron microscop y is a ra re event. This findin g could be correlated 
with t he hypot hesis of defective virus maturat ion in spite of 
t he abunda nce of vira l DNA t hat is presen t in norma l genomic 
length [3]. P oss ibly t he differe nt virus DNAs code different 
ways of virus maturation. 
W e gratefully acknowledge t he excellent technical assist ance 
of Mrs. Barbara Borges. 
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Papillomavirus in Cervical Condylomas With and Without Associated 
Cervical Intraepithelial Neoplasia 
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The aim of this study was to analyze the cytohistologic 
features of cervical condylomas with respect to the pres-
ence of associated cervical intraepithelial neoplasia 
(CIN) and to evaluate whether or not the prevalence of 
virus antigen, as detected by immunologic staining with 
peroxidase-antiperoxidase technique, varies with the 
histologic appearance of the lesions. In a series of 94 
histologically confirmed condylomas of the cervix, al-
most half (43) had features of CIN grades 1 and 2, 
corresponding to mild and moderate dysplasia. The 
prevalence of papillomavirus antigen decreased mark-
edly as the features of associated dysplasia became more 
severe. The antigen prevalence was 82% in pure con-
dylomas, 32% in condylomas with CIN 1, and 0 % in 
condylomas with CIN 2. 
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Abbreviations: 
CIN : cervical in t raepithelial neoplas ia 
HPV: human papillomavirus 
The evidence that virus production decreased as the 
lesion became more severe does not preclude papillo-
mavirus etiology for the CIN lesions. Cells tra nsformed 
by papillomaviruses may be expected to cease produc-
tion of virus particles even as they continue to harbor 
the viral genome. 
Epidemiologic studies h ave shown t hat squa m ous carcin om a 
of t he fem a le geni tal t ract is a sexua lly t ra nsmitted disease 
[1]. The search fo r t he etiology of t hese cancers has, in recen t 
years, foc used prima rily on vira l agen ts, in pa r t icular herpes 
s implex 2. H owever , t he frequen t association of geni tal warts 
wi t h vulva r a nd penile carcinom as [2,3 ] a nd t he confirmation 
of t he papillom avirus etiology of a fl at cerv ical lesion , which 
had p~ev ious ly often been na med as a mild dysplasia or grade 
1 cer_v1cal in t raepi t helia l neoplasia (CIN) [4-6], have generated 
cons1derable in tere t in t he possible role of human pa pillom a-
virus (HPV) in geni tal t ract cancers . P rospective epidemiologic 
studi es have s hown t hat CIN lesions have t he poten tial to 
progress to invasive cancer [7]. 
P api llomaviruses have a n oncogenic potentia l in a nima l 
mode ls as well as in huma ns . Bovine papillom aviruses are 
implicated in both natura lly occurring a nd experimen tally p ro -
duced cancers [8- 10]. ln huma ns, m a ligna n t t ra nsformation of 
lesions of epidermody plas ia verruciform is is well documented 
